The purpose of this study was to investigate whether 12-weeks of movement training would increase the psoas major cross-sectional area (CSA) in senior men and women. Fifty eight men and women aged 65 to 80 years old (69.6±3.7, 30 male, 28 female) were divided into a control (n=19) and exercise group (n=39). Subjects were assessed before and after the training program for stature, body mass, and magnetic resonance imaging of the psoas major and the quadriceps muscle. The experimental group performed exercises using machines designed to improve the movement of the hip at a frequency of twice every week, with a total of 23 trainings in 12-weeks. Magnetic resonance images of both thighs and the abdomen and psoas major were obtained, aimed at 50% of the length of the greater trochanter and the lower edge of the femur and between the fourth (L4) and fifth (L5) lumbars. A 9.4% increase in the psoas major CSA in the training group was observed. In the male and female breakdown, a 11.5% and 8.4% change was observed in males and females, respectively. In the quadriceps, there was no significant statistical improvement in either males or females. Furthermore, in the control group, there was no significant change seen in either the psoas major or the quadriceps. As a result of conducting training that enables upkeep of posture and smooth linkage of the lumbar spine, the pelvis and thighbone, the psoas major CSA of older adults were improved in a short period of time. For this reason, the possibility of improving the psoas CSA, which decreases remarkably with increased age, by improving the linkage of the body trunk is also suggested.
Introduction
Walking ability is commonly given as a determinant of QoL in elderly people, and in recent years attention has been directed to the strong relationship between walking ability and the mass of the psoas major muscles [17] . The psoas major is a muscle that originates from the lumbar spine and inserts on the lesser trochanter of the femur. It contributes to movement of the lower back, pelvis, and hip. Its functions are thought to include flexion of the hip joint, flexion of the lower back, and maintenance of the posture of the lower back and hips. The importance of the psoas major in walking ability is thought to be as a route for transmission of energy produced in the major muscle groups of the legs to the arms [22] , in its significant activity for the maintenance of a standing posture [3] , and in contributing to stability in the femur, pelvis, and lumbar spine when the leg contacts the ground during walking [24] .
Many studies have shown the decrease in muscle accompanying age. Nelson et al. reported that after the age of 50 years muscle mass decreased by 454 g per year [21] , Evans and Roseburg demonstrated that in adults from their 30s to 40s who do not perform regular muscle training, muscle mass decreases 227 g per year [6] , and Larsson et al. reported that fast muscle fiber decreased to 50% by the age of 80 years old in men who worked in offices [18] . In studies using MRI or ultrasound that looked at changes in muscles with age in individuals, changes were reported in the quadriceps femoris muscle [29] and in extensors and flexors of the elbows and knees [16] . It has been reported that the psoas major decreases with age at a higher rate than the quadriceps fem-oris muscle, and that this decrease is considerable from an early age [17, 28] . However, there have been many fewer studies on the psoas major than on the limbs.
It is easy to infer that many physical movement functions, including walking ability, are decreased in the elderly. To improve physical movement in the elderly, therefore, we look forward to development of exercises to increase the mass of the psoas major and the accumulation of evidence for their effectiveness. However, studies on the effect of continuous exercise on the psoas major include that of Parkkola, who conducted a study in which young people trained for 18 weeks [24] . Almost all other reports are about the effects on development and competition, including in athletes during puberty [25] , wrestlers [15] , soccer players [11] , and track and field athletes [12] . No studies have examined changes in the psoas major in elderly people.
Using electromyograms and engineering models, Andersson investigated exercise for the improvement of the psoas major and reported that the psoas major plays important roles in supporting the lumbar spine and maintaining movement such as walking at speeds of 2 m per second or more [2] . For this purpose, exercises such as leg raises and hip flexion, which are flexion movements of the hip joint through coordination of the lumbar spine, pelvis, and femur, are thought to be effective [24] . However, because of the decreased range of movement of the hips in elderly people [19] , the locally applied load, the major role of the psoas major in maintaining a standing posture [2] , and that the role of the psoas major is transmitting energy from the legs to the arms [12] , it may be that normal resistance training is not effective as exercise of the trunk to increase the mass of the psoas major in elderly people. Based on findings that the psoas major is closely related to the upright posture during walking movement [2] , that the range of hip movement decreases with age in the elderly [19] , and that there is little rotation in the hip in the walking movement of elderly, we hypothesized that hip movement exercise in the standing posture may increase the size of the psoas major in elderly people.
In this study, using a sprint training machine and a positional-axle bicycle ergometer developed by Kobayashi [14] as exercise machines for hip movement, we had elderly subjects aged 60 years or older perform hip exercise in the standing posture for 12 weeks to investigate whether continuous exercise increases the size of the psoas major in elderly people.
Materials and Methods

Subjects
The subjects of this study were 58 people (30 men, 28 women) aged 65-80 yr (69.6±3.7 yr) who had no orthopedic diseases, were under no movement restrictions by a doctor, and did no special exercise beyond normal activities of daily living. The subjects were randomly divided into a group that participated in a class that exercised using the machines (20 men, 19 women), and a control group that did not participate in the class (9 men, 10 women). Each of the groups was further divided by sex to investigate sex differences.
After obtaining written and verbal informed consent, a doctor determined subjects' fitness to participate. Participants completed a questionnaire on health history and underwent a general medical checkup including measurement of blood pressure. Eligible participants who agreed were enrolled. 
Study protocol
After the exercise group underwent pre-intervention measurements, they exercised twice a week for 23 sessions.
Post-intervention measurements were taken at session 24.
The control group underwent measurements with the same timing. At each session of the exercise program, the subjects' physical condition was first checked, followed by 10 minutes of warming up. They then exercises for about 15 minutes each on a sprint training machine and positional-axle bicycle ergometer developed by Professor Emeritus Kando Kobayashi of Tokyo University [14] .
Sprint training machine
The feet are fixed to pedals, and move forward and backward in a repeated continuous reciprocal movement at a fixed speed. When the pedal has moved to the rear in the reciprocal movement, users pull it up and move it forward ( Fig. 1) . In performing this movement, subjects repeatedly rotate the pelvis, rotate the hips, flex and extend the hips, and flex and extend the lumbar spine while moving slowly.
Positional-axle bicycle ergometer
The positional-axle bicycle ergometer is very similar to a regular bicycle ergometer, but unlike a regular bicycle ergometer the pedals move independently. The pedal axles move backward, and so the movement is not a circular 
Measurement of cross-sectional area of psoas major
Magnetic resonance images of both thighs and the abdomen were obtained using a 1.5-T MR scanner (1.5-T MR scanner Signa Horizon, Siemens-Asahi Medical Technologies, Tokyo, Japan) with a body coil to determine the cross-sectional area (CSA) of quadriceps femoris muscle and psoas major muscle of both sides. The subjects were scanned while lying supine with the knee and hip joints extended and arms (Fig. 3) . To measure the CSA of the psoas major, longitudinal scans were done to identify the position of the lumbar vertebrae, and then a transverse T1-weighted image of 8mm slice thickness (TR 500, TE 22, matrix 384×256, FOV 400) was obtained, aimed between the fourth (L4) and fifth (L5) lumbar vertebrae as described by Peltonen et al. [25] (Fig. 3) .
The images were stored in JPEG format on a Windows-based PC using image analysis software (Image, National Institutes of Health) and traced using a tablet pad (PTZ-630, Wacom, Japan). The borderlines of the psoas major and quadriceps were traced by a person knowledgeable in anatomy and with experience of MRI image tracing. The sum of the left and right values of both psoas major and quadriceps was used. Intraobserver difference in the calculation of the muscle CSA was tested by repeating the CSA determinations 10 times in a pilot study with three subjects in this study. The coefficient of variation for every CSA determination was less than 1%.
Statistics
The subjects were measured twice, before and after the intervention. The effect of exercise in increasing the CSA of the psoas major was judged by comparing the amount of change after the intervention in the exercise and control groups. Measurement values are expressed as mean±stand-ard deviation. An analysis of variance by repeated measures was conducted for within group changes in the CSA of the psoas major before and after exercise, and post-hoc tests were conducted for those in which differences were seen. The amount of change in the CSA of the psoas major was obtained by dividing the post-intervention value plus the change in the post-intervention value by the pre-intervention value. Post-hoc tests were conducted when an analysis of variance was conducted in the amount of change, and differences were seen. Pearson's correlation coefficient was used to obtain the correlation between age and CSA of the psoas major. All statistical analyses were done using Excel 
Results
Differences between groups in measurements before the start of exercise
The physical characteristics of each group before the start of exercise are shown in Table 1 . No significant differences were seen between the exercise and control groups in age, height, or weight in the results of measurements before the start of exercise. Significant differences were seen in height and weight between men and women in the exercise group and men and women in the control group. The CSAs of the psoas major and quadriceps femoris in each group before the start of exercise are shown in Table 2 . The results of measurements before the start of exercise showed no significant differences between the CSAs of the psoas major or quadriceps femoris in the exercise and control groups. Gender differences were seen, however, with significant differences between the CSAs of the psoas major and quadriceps femoris of men and women in both the exercise and control groups.
Relationship between age and cross-sectional area of muscle in measurements before the start of exercise No significant difference was seen between age and CSA of the psoas major or quadriceps femoris in either the exercise or control group before the start of exercise. In addition, no gender differences were seen in the correlation trend between age and CSA of muscle.
Changes after exercise in the class
In the exercise group, the CSA of the psoas major increased from 19.7±0.5 cm 2 before exercise to 21.4±0.6 cm 2 after exercise. All subjects showed an increase, ranging 1-33%, with a mean of 9.4%. No significant difference was seen between the sexes in the amount of change, which was 11.5% in men and 8.4% in women. In the control group, no significant difference was seen before and after exercise in the CSA of the psoas major. No significant difference was seen in either group in the CSA of the quadriceps femoris before and after exercise. In the exercise group, a weakly significant correlation of 0.332 in men and 0.302 and women was seen between age and the increase rate after exercise of the CSA of the psoas muscle.
Discussion
Kuno et al. [17] showed a strong correlation between the CSA of the psoas major and walking speed in elderly people, Takahashi et al. [28] showed that is difficult to maintain the activities of daily living with general exercises alone, and
Andersson et al. [2] showed that the psoas major contributes greatly to maintaining posture and walking movements.
These studies indicate the great importance of increasing the mass of the psoas major in order to improve the physical movements of older adults. In addition, with regard to decreasing muscle mass with age, Kuno et al. [17] , Takahashi et al. [28] indicated that the CSA of the psoas major shows a larger decrease with age than the muscles of the limbs, and Kuno et al. [17] reported that compared with people in their 20s, the psoas major decreases 18.2% in men and 21.2% in women in their 40s, 31.8% in men and 34.9% in women in their 50s, 38.0% in men and 37.9% in women in their early 60s, 40.6% in men and 36.6% in women in their late 60s, 47.7% in men and 41.1% in women in their early 70s, and 51.6% in men and 51.4% in women in their late 70s. Takahashi et al. [28] also reported that the mass of the quadriceps femoris is maintained until age 40, and even in the 60s does not show a rapid deterioration, whereas the mass of the psoas major decreases from the 20s and declines rapidly from the 70s. This also indicates the need to strengthen the psoas major through training because of the large decrease that occurs with age.
In the measurements before exercise in this study, no significant differences were seen between the exercise and control groups in age, height, weight, CSA of the psoas major, . The mean age of the subjects in this study was 70.3±1.5 years for men and 68.9±0.7 years for women. In a report by Kubo et al. [16] , the CSA of the psoas major was 16.1 cm 2 and 11.1 cm 2 for men in their 70s and women in their 60s, respectively, and so the muscle mass of the subjects in the present study was greater. The decrease in muscle mass with age is not due to age alone but is also greatly affected by living habits [17] , and so it may be assumed that the participants in the present study got more exercise in their daily lives than the subjects that previous study.
With regard to differences in muscle mass between the sexes, Abe et al. [1] found that the proportion of muscle mass of women to that of men was 63% in the arms, 50% in the trunk, and 75% in legs. In the present study the quadriceps femoris was 72%, close to the data for legs according to Abe et al. [1] . In contrast, the psoas major of women was 63% that of men, different than the disparity in muscle mass between men and women in the trunk area according to Abe et al. [1] . This is thought to be because the psoas major is located further toward the legs than the trunk, and functions more as a muscle of the legs , so that it shows values closer to those of the leg muscles. As a result, a tendency for a significant increase in the CSA of the psoas major was seen after exercise twice a week for 23 sessions in elderly people 60 years of age or older. There was no difference between the sexes in the rate of increase, and the effect of age on the rate of increase was low.
Reports on increases in the CSA of the psoas major are very few compared with those for the limbs. The effect of resistance training for limbs is widely known, and consistent results on increases in muscle mass have been seen. There are also reports that show resistance training in older adults can increase muscle strength just as it does in young people.
Ozaki et al. [23] reported increases of 3.5% in the CSA of muscles of the thigh after exercising 4 times a week for 10 weeks, and Frontera et al. [8] reported an increase of 11.4% in the CSA of the quadriceps femoris muscle after isokinetic knee extension exercises 36 times over 12 weeks. In a large-scale study examining the effects of muscle and endurance training in young and middle-aged and elderly people, it was reported from an experiment with 1,132 males and females who performed muscle training for 25 minutes that the increase in lean mass was the same in the elderly group of people aged in their 60s to 80s as that in the middle-aged and young group. With regard to increased muscle strength in women, Campbell et al. [4] reported increased muscle strength as a result of training for three months in women (54-71 years) who were mainly sedentary in their daily lives.
Fiatarone et al. [7] showed increased muscle mass of 14.5% in a study of men and women 86 to 96 years of age, and reported that there was no gender difference. The finding in the present study that the CSA of the psoas major increased in elderly people without regard to age or sex would also seem to be very valuable.
Although studies showing increases in the CSA of the psoas major from training are few, Parkkola et al. [24] reported an increase of 22% after training for 18 weeks in university students. In that study flexion and extension exercises of the trunk placed a load on the muscle of about 60% of its maximum strength, and the increase in muscle mass was measured. Since hip flexion is a major action of the psoas major muscles [2] , the results of this study are readily accepted. Considering this, our results support the possibility that the psoas major muscles can be increased in size in older adults if an appropriate load is applied.
However, because of the decreased range of trunk motion in elderly people [19] , it would probably be difficult to have them perform flexion movement with the high-intensity of the young subjects in the study of Parkkola et al. [24] . The psoas major is also reported to have functions other than flexion of the hip joint, including extension and rotation of the hip, flexion of the lumbar spine, and support of the lumbar spine. In addition, from a study on the action of the psoas major during activities of daily living, it was reported that it supports the pelvis and lumbar spine during walking, and supports a standing posture [2] . Psoas major activity is also reported to be higher in a standing than in a sitting posture [2] . In the exercise machine used in this study, the feet are fixed in pedals in a standing posture, and the pedals automatically move forward and backward to coordinate and move the lumbar spine, pelvis, and femur. The movement also rotates the pelvis, rotates the hip joint, flexes and extends the hips, and flexes and extends the lumbar spine.
These motions promote muscle activity of the psoas major, as mentioned above, and so are thought to produce increases in the psoas major muscle mass regardless of age and sex.
The present study showed that exercise that flexes and extends the hip joint and moves the pelvis in the standing position can increase the CSA of the psoas major in elderly people. This is conjectured to be because it activated the functions around the hips that are thought to deteriorate with age. In the future we will investigate how exercise around the pelvis affects daily living functions of elderly people, which may contribute to elucidating improvements in physical functions of elderly people.
Conclusion
As a result of training aimed at upkeep of posture and smooth linkage of the lumbar spine, the pelvis and the thighbone, the psoas major CSA of senior citizens improved over a short period time. This suggests the possibility of improving the psoas CSA, which markedly decreases with ageing, by improving the linkage of the body trunk. There is a need to research how the body trunk linkage changes with this kind of training. From research into how the body trunk linkage changes with ageing, the importance of a training program to control the deterioration of body strength of senior citizens may be suggested. The improvement over a short time in body trunk muscle CSA in which muscle hypertrophy is considered to more readily occur than in other muscles was achieved by conducting a training program which focused on the linkage of the body trunk and the extremities. 
